Our clinical experience demonstrates that most women treated with nab-paclitaxel experienced some clinical benefit. Patients achieving clinical benefit lived significantly longer than those who did not. Nab-paclitaxel was well tolerated, with the primary toxicity being mild sensory neuropathy. Nabpaclitaxel represents another treatment option, with a favourable toxicity profile, for women with mbc.
INTRODUCTION
For women with metastatic breast cancer (mbc), taxanes 1 are an established treatment option, both as monotherapy and in combination 2, 3 . Paclitaxel and docetaxel are both hydrophobic, and to enable intravenous administration, they are formulated using the synthetic solvents polyoxyethylated castor oil (Cremophor EL: Sigma-Aldrich Canada, Oakville, ON) and polysorbate 80 (Tween 80: Sigma-Aldrich Canada) 4 . These synthetic solvents are associated with the development of acute hypersensitivity reactions and peripheral neuropathy 4 and so require premedication with corticosteroids, antihistamines, and H 2 antagonists (Taxotere PI: Sanofi-Aventis, Bridgewater, NJ, U.S.A.; Taxol PI: Bristol-Myers Squibb, New York, NY, U.S.A.).
Nab-paclitaxel is a colloidal suspension of paclitaxel and human serum albumin that can be administered without premedication (Abraxane PI, Abraxane PM: Celgene Corporation, Summit, NJ, U.S.A.). The clinical efficacy of nab-paclitaxel [260 mg/m 2 every 3 weeks (q3w)] compared with that of paclitaxel (175 mg/m 2 q3w) was established in a randomized open-label phase iii study of 460 patients with mbc 5 . Most patients in that study had more than three metastatic lesions (76%), a high
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Background
Nab-paclitaxel is a solvent-free, taxane-based chemotherapy approved for the treatment of metastatic breast cancer (mbc). This study reports clinical benefit and toxicities experienced by women with mbc treated with nab-paclitaxel at the Ottawa Hospital Cancer Centre.
Methods
Women with mbc treated with single-agent nabpaclitaxel between June 2006 and December 2010 were included in this analysis. Retrospective data obtained included demographics, disease characteristics, prior chemotherapy, nab-paclitaxel treatment, toxicity, and survival. Clinical benefit was defined as partial or complete response or stable disease (by clinical or radiologic evaluation, or both) at 6 months or more.
Results
Of 43 women (mean age: 57.0 years; range: 34-74 years), most had disease positive for estrogen or progesterone receptor (72.1%, 58.1%), or both. Nabpaclitaxel was administered weekly (qw: 44.2%), every 3 weeks (q3w: 46.5%), q3w switched to qw (7.0%), or qw switched to q3w (2.3%). Median duration of therapy was 5.1 months (qw) and 3.0 months (q3w). Sensory neuropathy was the primary toxicity (45.4% qw, 38.1% q3w; p = 0.62). Clinical benefit was observed in most women (76.2% qw, 57.1% q3w; p = 0.20). Women receiving nab-paclitaxel had a median overall survival of 13.6 months qw (range: 8.1-28.3 months) and 10.8 months q3w (range: 5.9-17.9 months; p = 0.03). Regardless of dosing schedule, women experiencing clinical benefit lived significantly longer than those not experiencing a benefit (17.3 months vs. 7.7 months; hazard ratio: 0.14; 95% confidence interval: 0.06 to 0.33).
burden of visceral disease (79%), prior chemotherapy (86%), and progression after first-line therapy (59%). A significant improvement in the overall response rate (33% vs. 19%, p = 0.001) and a longer median time to progression (23.0 weeks vs. 16.9 weeks, p = 0.006) were observed with nab-paclitaxel compared with paclitaxel. The overall study population also showed a trend toward improved median overall survival 5 . Treatment with nab-paclitaxel was well tolerated. Despite a 49% higher paclitaxel dose, the incidence of grade 4 neutropenia was lower with nab-paclitaxel than with solvent-based paclitaxel (9% vs. 22%, p < 0.001), and although the incidence of sensory neuropathy was higher for nab-paclitaxel, that symptom improved rapidly (median: 22 days vs. 79 days for solvent-based paclitaxel) 5,a .
The optimal dose and schedule of nab-paclitaxel has yet to be clearly defined. The results of a randomized phase ii study in women with mbc suggest that weekly dosing of nab-paclitaxel (qw: 100 mg/ m 2 , 150 mg/m 2 ) is feasible and may offer clinical benefit compared with q3w nab-paclitaxel (300 mg/ m 2 ) and docetaxel (100 mg/m 2 ) 6 . Although grade 3 sensory neuropathy was observed more frequently with nab-paclitaxel (300 mg/m 2 q3w, 2%; 100 mg/m 2 qw, 9%; 150 mg/m 2 qw, 22%), the time to onset was significantly longer than that reported in trials with paclitaxel (151-189 days depending on schedule vs. within 1-3 days and peaking around 27 days) [7] [8] [9] . As in the pivotal phase iii trial, nab-paclitaxel-related sensory neuropathy improved rapidly (≤grade 2: 20-22 days), thus potentially permitting resumption of systemic therapy. In addition, although persistent (≥2 years) sensory neuropathy has been reported in cross-sectional studies with paclitaxel, such longterm effects have not been observed to date in studies with nab-paclitaxel 10 . Recent evidence also suggests that, compared with q3w docetaxel, qw nab-paclitaxel (150 mg/m 2 ) may confer a survival advantage in women with mbc (33.8 months vs. 26.6 months, p = 0.047) 11 .
In August 2006, nab-paclitaxel received approval for funding in Ontario for women with mbc. Eligible patients include those with acute infusion reactions with paclitaxel or docetaxel considered by treating physicians to be a result of the vehicle for the taxanes (Cremophor and polysorbate 80), severe toxicity from previous administration of other taxanes, or severe toxicity that might be attributable to premedications (for example, steroids) used for the administration of the taxane. Here, we report our "real world" clinical experience with the use of nab-paclitaxel in women with mbc at a single academic cancer centre in Ontario.
METHODS
This analysis includes mbc patients treated with single-agent nab-paclitaxel at the Ottawa Hospital Cancer Centre between June 2006 and December 2010. The data collected included age, date of diagnosis, surgery, estrogen and progesterone receptor status, human epidermal growth factor receptor 2 status, sites of metastasis, initial tumour stage and lymph node status, histologic diagnosis, endocrine therapy, prior chemotherapy regimens, nab-paclitaxel administration (duration of therapy, dosing schedule, reasons for nab-paclitaxel use), toxicities, dose reductions, clinical benefit, and date of death. Toxicities were graded using the Common Terminology Criteria for Adverse Events, version 4.0, based on the description provided in the clinical progress notes 12 .
The study was approved by the Ottawa Hospital Research Ethics Board.
Eligibility Criteria
Eligible patients for this study included all women with mbc who were treated with single-agent nabpaclitaxel at the Ottawa Hospital Cancer Centre. Patients who had received taxane (docetaxel or paclitaxel) chemotherapy (adjuvant or metastatic setting) before receiving nab-paclitaxel were also included. Patients who received coverage for nabpaclitaxel through the Ontario New Drug Funding Program or third-party funding (private insurance) were included.
Therapy
Patients received nab-paclitaxel (260 mg/m 2 ) intravenously over 30 minutes q3w or 100 mg/m 2 intravenously over 30 minutes qw for 3 weeks of every 4 at the discretion of the treating oncologist. Steroid premedication was not required before administration of therapy.
Clinical Benefit
Radiologic and clinical assessments were performed at the discretion of the treating physician. Clinical benefit was measured using the Response Evaluation Criteria in Solid Tumors 13 and was defined as complete response (no clinical or radiologic evidence of disease), partial response (decrease of at least 30% in the sum of lesions), or stable disease (clinically or radiologically, ≤30% decrease or ≤20% increase in lesions for a duration of ≥6 months).
Statistical Analysis
Demographic and clinical data are summarized descriptively as means, medians, or proportions. Survival curves were generated using the Kaplan-Meier a Abraxis BioScience, data on file.
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Copyright © 2013 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC). method and were compared using the log-rank test. Patients alive or lost to follow up as of December 31, 2010, were censored. In an exploratory analysis, the relative risk of death for various patient subgroups was estimated using Cox proportional hazards regression. All of the statistical analyses were performed using the Stata software package (release 11.0: Stata Corp., College Station, TX, U.S.A.).
RESULTS
Patients
Between June 2006 and December 2010, 43 patients with mbc received treatment with single-agent nabpaclitaxel at the Ottawa Hospital Cancer Centre, and 42 patients were evaluable for clinical response. Table i summarizes patient demographics and treatment characteristics. In this group, mean age was 57 years (range: 34-74 years), and most patients (72.1%) had estrogen receptor-positive disease. Most patients also had several sites of metastases (81.5%) and had received multiple lines of chemotherapy (median = 3; range: 1-6) before receiving nab-paclitaxel.
Nab-Paclitaxel Therapy
Nab-paclitaxel treatment was given to 20 patients (46.5%) in a q3w schedule for a median duration of 3.0 months, and to 19 patients (44.2%) in a qw schedule for a median duration of 5.1 months. Treatment was initially given in a qw schedule and switched to a q3w schedule in 1 patient (2.3%), and initially given in a q3w schedule and switched to a qw schedule in 3 patients (7.0%). More than twice as many dose reductions occurred in the nab-paclitaxel q3w group (61.9%) as in the qw group (27.3%). Reasons for dose reductions included neuropathy (n = 6), decreased body surface area (n = 2), feeling unwell (n = 2), switch of treatment schedule (n = 3), mucositis (n = 1), decreased Eastern Cooperative Oncology Group performance status (n = 1), wound infection (n = 1), fatigue (n = 1), neutropenia (n = 1), and other (n = 1). Most patients (n = 31, 72.1%) had already been exposed to taxanes in the adjuvant (19.4%), metastatic (74.2%), or adjuvant and metastatic (6.5%) settings.
Toxicity
Peripheral sensory neuropathy was the most commonly reported toxicity, being reported in approximately 41.9% (n = 18) of all women treated with nab-paclitaxel (45.4% qw vs. 38.1% q3w, Table ii ). Five patients (11.6%) experienced significant (grade 3) peripheral sensory neuropathy. Grade 2 fatigue was reported in 4 patients (9.3%), and grade 3 myalgia, dyspnea, mucositis were each reported in 1 patient (2.3%). One patient experienced febrile neutropenia.
Clinical Benefit and Overall Survival
Clinical benefit was evaluable in 42 patients. Most women receiving nab-paclitaxel qw (76.2%) and just more than half the women on the q3w schedule (57.1%) experienced clinical benefit (Table ii) . The odds ratio for achieving clinical benefit with the qw schedule was 2.5 relative to the q3w schedule [95% confidence interval (ci): 0.64 to 9.0; p = 0.20], suggesting that qw should be the preferred schedule for drug delivery. A partial response to nab-paclitaxel therapy was seen in 4 patients (9.5%: 3 qw, 1 q3w), and a best response of stable disease was seen in 25 patients (59.5%: 14 qw, 11 q3w). Women who received nab-paclitaxel qw had a median overall survival of 13.6 months compared with 10.8 months in the q3w group (Figure 1) . Regardless of the schedule of administration, women who experienced clinical benefit from nabpaclitaxel lived significantly longer than those who did not achieve clinical benefit [17.3 months vs. 7.7 months; hazard ratio (hr): 0.14; 95% ci: 0.06 to 0.33; p < 0.001; Figure 2 ]. In the Cox proportional hazards analysis, achievement of clinical benefit (hr: 0.14; p = 0.001) was a predictor of improvement in overall survival, and exposure to multiple lines of chemotherapy (hr: 1.39; p = 0.021) was associated with a decrease in overall survival (Table iii) . Clinical benefit was achieved in 24 patients (77.4%) who had prior exposure to taxanes (n = 31). Of the 42 evaluable patients, 13 (31%) progressed while on nab-paclitaxel treatment.
DISCUSSION
Traditional solvent-based taxanes have been shown to be beneficial in the treatment of mbc. The "downside" to this class of drugs has been related mainly to the inherent difficulties of drug delivery: the need for solvent, special tubing, and premedication with dexamethasone to prevent allergic reactions. In addition, it has been suggested that the Cremophor solvent used in the preparation of paclitaxel may have a direct negative effect on the antitumour properties of that drug 14 . Paclitaxel is entrapped by the formation of plasma Cremophor EL micelles, which can cause reduced drug clearance, nonlinear pharmacokinetics, and free drug fraction 14 . The dose-dependent antitumour response from paclitaxel can be decreased as a result 15 . It is this drug a Schedule of nab-paclitaxel was not a significant predictor of overall survival, nor was the interaction between nab-paclitaxel schedule and achievement of clinical benefit.
entrapment phenomenon that partly explains why giving higher doses of solvent-based paclitaxel does not result in improved clinical efficacy 16 . Nab-paclitaxel is a novel formulation of albuminbound paclitaxel that has been shown in clinical trials to provide clinical benefit without the need for solvents and with an acceptable toxicity profile. Importantly, nab-paclitaxel has demonstrated limited taxane cross-resistance. That feature is of particular clinical importance for women with early-stage breast cancer who relapse within 12 months of exposure to a solvent-based taxane. A phase ii study 17 of weekly nab-paclitaxel monotherapy in women with taxane-refractory mbc reported 13 partial responses (20%) among 66 evaluable patients, with 7 patients responding and 3 having stable disease (for at least 24 weeks). Those observations suggest that nab-paclitaxel may provide long-term disease control in the difficult-to-treat taxane-refractory mbc population. The issue of lack of cross-resistance is being evaluated more rigorously in the ongoing multicentre single-arm phase ii tiffany trial (search for NCT01416558 at http://clinicaltrials.gov) sponsored by the German Breast Group.
In our small single-institution retrospective study, most women with mbc who received nab-paclitaxel experienced some degree of clinical benefit (qw 76.2% vs. q3w 57.1%), with the greatest proportion of clinical benefit being observed as stable disease. Notably, clinical benefit was also seen in heavily pretreated women (median of 3 cycles of chemotherapy before nab-paclitaxel) and those previously exposed to taxanes in the adjuvant and metastatic settings. Women who experienced clinical benefit from nabpaclitaxel survived significantly longer than those who did not (17.3 months vs. 7.7 months, p < 0.001). Nab-paclitaxel was well tolerated, with mild sensory neuropathy (grade 1 or 2) occurring in approximately 27.9% of patients. Dose reductions, mainly because of toxicity, were more common with q3w administration (61.9%) than with qw administration (27.3%), implying that the latter schedule of administration was better tolerated.
The results of a randomized phase iii trial [Cancer and Leukemia Group B (calgb) 40502/North Central Cancer Treatment Group (ncctg) N063H] of nab-paclitaxel or ixabepilone or paclitaxel with or without bevacizumab in women with chemotherapy-naïve mbc, was recently presented. The second interim analysis demonstrated that nab-paclitaxel was highly unlikely to be superior to paclitaxel for progression-free survival (9.2 months vs. 10.6 months; hr: 1.19; 95% ci: 0.96 to 1.49) 18 . Patients receiving paclitaxel experienced a lower incidence of sensory neuropathy (37% vs. 48%) and fewer hematologic toxicities (12% vs. 49%). Those results differ from the findings reported from the phase iii trial by Gradishar et al. 5 , which demonstrated a superior overall response rate (33% vs. 19%, p = 0.001) and overall survival (56.4 weeks vs. 46.7 weeks; hr: 0.73; p = 0.024) in the second-line or greater setting with nab-paclitaxel than with paclitaxel. These differences in trial results may reflect different patient populations (chemotherapy-naïve vs. pretreated), use of bevacizumab, and varying doses and schedules of taxanes (nab-paclitaxel vs. Taxol).
The role of sparc [secreted protein, acidic and rich in cysteine, a form of the caveolin 1 (CAV) gene] as a biomarker for nab-paclitaxel effectiveness is being explored further in the calgb 40502/ ncctg N063H trial (search for NCT00785291 at http://clinicaltrials.gov). That trial will evaluate the relationships of sparc overexpression and of changes in blood levels of caveolin 1 with progression-free survival and secondary endpoints of response during treatment.
Several limitations in the present study need to be acknowledged. The small study population and retrospective nature of the analysis represent significant limitations in interpreting its results. Data were collected retrospectively on a select group of patients who received nab-paclitaxel if they had private insurance coverage or met the eligibility criteria for the Ontario New Drug Funding Program, creating a potential for selection bias. Clinical benefit was based on clinical and radiologic assessments (for example, computed tomography imaging) of patients, which were requested by the treating physicians at variable points in time. In addition, there was a potential imbalance in prognostic factors among patients who received the qw schedule and those who received the q3w schedule of nab-paclitaxel.
CONCLUSIONS
In our experience, most women with mbc treated with single-agent nab-paclitaxel (some having received up to 6 prior lines of chemotherapy) experienced some degree of clinical benefit with an acceptable level of toxicity. Although the median overall survival for all women treated with nab-paclitaxel was 11.9 months, patients who experienced a clinical benefit lived longer (overall survival: 17.3 months). Our "real world" experience suggests that nab-paclitaxel can safely be offered to women with mbc, with reasonable expectations of clinical benefit and without concern of significant toxicity. The divergent results and comparative limitations of the second interim analysis of the calgb 40502/ncctg N063H phase iii trial presented at the American Society of Clinical Oncology 2012 annual meeting do not negate the potential benefit of nab-paclitaxel in the treatment of women with mbc in second-line treatment or beyond. In Ontario, given the current Cancer Care Ontario funding model, the results of the calgb 40502/ncctg NO63H study are unlikely to have significant impact on the utilization of nabpaclitaxel in women with mbc.
